The Hmong Diaspora is one of the widest modern human migrations. Mainly localised in South-East Asia, the United States of America, and metropolitan France, a small community has also settled the Amazonian forest of French Guiana. We have biologically analysed 62 individuals of this unique Guianese population through three complementary genetic markers: mitochondrial DNA (HVS-I/II and coding region SNPs), Y-chromosome (SNPs and STRs), and the Gm allotypic system. All genetic systems showed a high conservation of the Asian gene pool (Asian ancestry: mtDNA=100.0%; NRY=99.1%; Gm=96.6%), without a trace of founder effect. When compared across various Asian populations, the highest correlations were observed with Hmong-Mien groups still living in South-East Asia (Fst<0.05; pvalue<0.05). Despite a long history punctuated by exodus, the French Guianese Hmong have maintained their original genetic diversity.
INTRODUCTION
The Hmong Diaspora is widely scattered in Asia, but also in America, Europe and Oceania.
This human migration would have originated from the South Chinese province of Kweichow [1] . Associated with Neolithic cultures of Daxi (5300-6400 BP) and Qujialing (4600-5000 BP), the Hmong is an ancient and an important component of the human diversity of South East Asia [2] . The Han expansion, during the 16 th century, forced the Hmong to leave their heartland and to settle the Yunnan highlands [2] . There they developed an economy based on a shifting agriculture of crops like maize and millet, together with husbandry and hunting.
These strategies permitted the Hmong to prosper among the other ethnic minorities of China, where they are also known as Miao. The Hmong share common cultural traits particularly with the Mien, including language, and genetic characteristics that cluster the Hmong and
Mien together in the so-called Hmong-Mien group [3, 4] .
Following a period of calm, since the 18 th century the Hmong have conflicted at various times with the Chinese government. They took refuge in northern Indochina where their skills in shifted cultivation rapidly integrated them into the regional economic network, and progressively gave the Hmong a relative institutional power, under the French colonial influence. However, the downside of the strategic role of the Hmong was the direct implication in the First Indochina War (1946) (1947) (1948) (1949) (1950) (1951) (1952) (1953) (1954) , the Vietnam War (1959) (1960) (1961) (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) ) and the Secret War in Laos (1964 Laos ( -1975 . The latter triggered a massive exodus of Hmong from Laos toward northern Thailand, but also toward other continents. Almost 200,000 individuals went into exile to the United States and 15,000 to metropolitan France. Most of these migrants preferred to live in occidental cities but others were steered toward an unusual destination:
French Guiana [5] [5].
This South American territory, localised between Surinam and Brazil, has been a French colony since the 17 th century. Today it only has 3 individuals per square kilometre.
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Welcoming the Hmong onto its soil represented a double advantage for the French government: to shelter former cooperating people along with populating areas of low population density where conditions of life are similar to those found in Laos [5] .
Approximately 2100 Hmong are living in French Guiana. They reinstated their former rural farming communities with presenting all the social characteristics of South East Asia, and preserved their original Hmong cultural identity. But more than an ethnic isolate, they are also completely integrated in the French Guianese social network by significantly increasing the local agricultural production. Today, they constitute an important component of the ethnic diversity of French Guiana that is primarily composed by Amerindians, Europeans, Creoles and Noir Marron populations [6] [7] [8] [9] [10] .
The French Guianese example of the Hmong Diaspora represents a unique human migration that has never been studied genetically. To this aim, three different and complementary genetic systems were analysed in this study. Uniparental lineages were determined through the analysis of mitochondrial DNA (mtDNA) and non-recombinant Y chromosome (NRY)
haplotypes. Through the large number of populations that have previously been genotyped for these two systems, informative data are available to identify the ancestry of each haplotype observed in this study [11, 12] . The third system was the biparental Gm allotypic system. This system comprises polymorphic antigenic markers located on the constant regions of the heavy chains of three subclasses of immunoglobulin G (IgG1, IgG2, and IgG3) [13, 14] . The Gm system has been frequently studied in human populations and has shown heterogeneous haplotype frequencies among populations [15, 16] . Our study proposes the first genetic insight into the Hmong Diaspora and its particular example in French Guiana. The present study will During the Cacao and Javouhey sample collection, pedigrees were recorded and used to selected 62 maternal and 33 paternal unrelated lineages for the present study.
Laboratory methods

mtDNA
Maternal lineages were characterised by the sequencing of a large part of the D-loop region (16012-263) following previously described protocol [17] . All data were obtained on an ABI AluI, HpaI, and DdeI. The final haplogroup assignment was obtained from the differences with the rCRS by the most recent mtDNA phylogeny [12, 19] , then the haplotypes presented in relation to both the rCRS and RSRS references sequences [20] . Biosystems) using already published primers [11] . All data were read on an ABI PRISM 3730 sequencer and analysed with Genemapper v.4.0 (PE, Applied Biosystems). The YAP analysis has been obtained following Hammer and Horai [21] .The haplogroup assignment follows the recently updated NRY phylogeny [11] [22] .
NRY
Gm
The plasma samples were tested for G1m (1, 2, 3, 17) , G2m (23), G3m (5, 6, 10, 11, 13, 14, 15, 16, 21, 24) immunoglobulin allotypic markers by using a classical haemagglutination inhibition method [23] . The reagents used are described in [24] and [25] . The assignment of Gm haplotypes follows the International System for Human Gene Nomenclature (ISGN).
They are indicated in the following order in the text: G3m, G1m, and G2m. They are set in simplified forms [13] . Allotypes are separated by commas, and the subclasses are separated by semicolons. The notation ".." indicates that the sample was tested for G2m (23) but found to be negative, and "*" stands for 10,11,13,14.
Data analyses
Rates of genetic diversity based on mtDNA, NRY and Gm data were calculated using the ARLEQUIN 3.11 software package [26] . For each of these systems, a database was compiled from published studies and divided in eight groups: French Guiana, East Asia (China, . To obtain the most parsimonious networks the reticulation permissivity was set to zero. Data were pre-processed using the star contraction option in Network v.4.5.1.6 [27] . For the mtDNA data, hypermutable sites were identified by post-processing using the Steiner (MP) algorithm and removed from the analysis [28] . Weight of each Y-STR loci were characterised according to its variance in the O3a* sample, as previously described [29] . Tajima's D and Fu's Fs tests were calculated with mtDNA data using the ARLEQUIN 3.11 software package [26] .
Cross-population comparisons based on HVS-I mtDNAs, Y-STR haplotypes and Gm lineages
were performed using ARLEQUIN 3.11 [26] [32, 33] . It is close to the ones present in HmongMien populations living between the South of China and the North of Thailand [4, 34] .
Although the Tajima's test is not significant (D = -1.298 ±0.075), this diversity is associated with a significant value for Fu's test, revealing a population expansion (Fs= -16.276 ±0.000).
All mtDNA haplotypes were phylogenetically identified following the latest classification scheme [12] . The majority were found to belong to haplogroups frequent in Asia [35] . Among them, most were clustered in the M* haplogroup (26.9%) revealing the importance of the Eurasian founder node in the complexity of the genetic structure in East Asia, particularly in the region interfacing India and China [36, 37] . The phylogenetic tree for this haplogroup Other haplogroups frequent in Asia were also found to be present, such as the B subclades 
Population cross-comparisons
From these results, population pairwise Fst comparisons were computed from haplotypic data to evaluate the genetic distances between the FGH and each population present in the Asian database ( Figure 2 ). Relatively low genetic divergences were observed (0<Fst<0.25) with all the populations of the database, revealing the complexity of the Asian maternal diversity [37] . 
Admixture analysis
To estimate the potential contribution of geographical dispersal to the mitochondrial inheritance, admixture ratios were calculated according to different models from five hypothetical parental populations ( 
Population cross-comparisons
The 
Admixture analysis
Although the paternal genetic relationship appears to be localised, admixture tests were performed to estimate the ratio of the most probable parental populations ( Table 2 ). All estimators localize major ancestries in East Asia (LS=0.459; mY=1.000; Table 2 ) and in Mainland South East Asia (LS=0.290; mY=0.000; Table 2 ).
Gm
Gene Diversity
Among the 62 FGH typed, the observed phenotypes can be explained by four different Gm haplotypes. The inherent genetic diversity appears to be low but still within the range 
Population cross-comparisons
As expected for a biparental marker, the results obtained for the population pairwise Fst 
Admixture analysis
As for the uniparental markers, the contribution of hypothetical parental populations was estimated. Mainland South East Asia (LS=0.324; mY=0.594; Table 3 ) and Insular South East Asia (LS=0.288; mY=0.363; Table 3 ) are indicated as the major source of the FGH Gm inheritance.
DISCUSSION
An Asian genetic diversity in French Guiana
Herein we provided immunoglobulin, mtDNA and Y-chromosome data in two Hmong populations from French Guiana to define the dynamics of the Hmong settlement in the area.
The combined use of uni-and biparental genetic markers is a crucial strategy to highlight the demographical patterns of modern human expansion, migration rates, co-evolution of genes
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with cultural traits, and sex-biased admixture [40] [41] [42] [43] [44] [45] . Previously, such procedure has furnished interesting insights about the genetic history of the understudied area [8, 10] . French Guiana or their former one of "highlanders" in South-East Asia [47] . It reveals that their isolation is only relative, since they interacted frequently with other communities, notably through their economic role. It is also likely that the Hmong constituted sustainable communities whose numbers were sufficiently large such that their gene pool was not affected by founder effects and/or genetic drift.
The second remarkable feature of the FGH genetic inheritance is that it reveals the maintenance of a predominantly Asian identity right throughout the history of the Diaspora.
The three genetic systems analysed in this study revealed a conserved Asian ancestry (Asian with individuals from other continents were obviously rare due to the relatively recent timeframe, but still might have occurred during the European colonisation of Indochina. In fact there was a low, but non-negligible, estimated component of European ancestry (A mtDNA =0%; A NRY =0.9%; A Gm =3.4%; Tables 1,2 ,3) which might be explained by punctual admixture with French or English during the end of 20th century, but is more probably due to a shared ancestry with Indian groups (unfortunately no shared haplotype can dissociate these two hypotheses (data not shown)) [36, 48] .
Despite a history punctuated by many conflicts and wars, which led to the exodus of one Hmong community toward French Guiana, this population has conserved a representative genetic diversity, linking it directly to the Asian continent. [4, 39, 50] . In addition to the homology, these values also reflect the conservation of a major cultural trait, i.e. kinship based on patrilocality and patrilineage [34] . The desire to protect their cultural integrity gave to the Hmong Diaspora a cultural unity [2] . This has ultimately led to the preservation of the Asian genetic background during the different phases of the Hmong Diaspora.
A preserved Hmong genetic identity
Within the complex, overall Asian genetic diversity, the Hmong have their own specific patterns [3] . In preserving their original Asian gene pool, the FGH have clearly maintained these particularities. Each studied genetic system was found to be composed by the wide spectra of haplotypes frequent in South East Asia. Table 1 Estimates of shared maternal ancestries of the FGH. n: number of individuals; LS:
Lineages Sharing [31] ; mY: Dupanloup and Bertorelle's method [30] . Table 2 Estimates of shared paternal ancestries of the FGH. n: number of individuals; LS:
Lineages Sharing [31] ; mY: Dupanloup and Bertorelle's method [30] . Table 3 Estimators of shared biparental ancestries of the FGH.. n: number of individuals; LS:
Bertorelle's method [30] .
Methods
Mainland South East Asia 
